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MULTIPLE ANTENNA SYSTEM FOR
WIRELESS COMMUNICATION

FIELD OF THE INVENTION

The present invention pertains in general to systems for
wireless communications and in particular to a multiple
antenna system for operation in conjunction with a radio
frequency (RF) front end for wireless communication.

BACKGROUND

Wireless communication devices, such as cellular tele-
phones, PDAs, wireless adapters, communications-equipped
computers or laptops, and the like, typically contain one or
more antennas coupled to a radio frequency (RF) front end to
support radio transmission and/or radio reception. To facili-
tate improved performance, multiple antenna systems can be
used 1 mobile wireless communication devices. Multiple
antenna systems can be used for various purposes such as
separating transmit and receive functions, facilitating com-
munication over multiple frequency bands and/or communi-
cation modes, antenna diversity, multiple-input multiple-out-
put (MIMO) schemes, smart antenna systems, beam-
forming, space-time coding, and the like.

Many different frequency bands in the range from 700
MHz through to 2500 MHz are now being allocated for cel-
lular radio communication and users increasingly expect to
be able to use whichever frequency band is available 1n any
location. Additionally, there 1s also a trend for compact wire-
less communications devices.

Current wireless communication standards, such as the
Universal Mobile Telecommunication System (UMTS) stan-
dard and the related Long Term Evolution (LTE) project, have
proposed using multiple antenna technologies such as MIMO
for communication 1n certain irequency bands. However,
support for MIMO may only be required 1n a certain subset of
frequency bands, and this subset may change by region. Fur-
thermore, a multi-mode mobile device may be required to
support additional standards, such as Global System for
Mobile Communications (GSM), Wi-Fi, Wi-MAX,
CDMA2000, or various other communication standards.
Emerging standards utilize diversity reception and specifi-
cally, MIMO reception. For example, LTE, an emerging stan-
dard, specifies MIMO diversity reception.

Several multi-antenna solutions supporting antenna diver-
sity or MIMO 1n at least one mode have been proposed 1n the
art. One feature of such prior art solutions 1s that they typi-
cally rely on a main antenna for both transmitting and receiv-
ing operation at multiple frequencies, plus one or more sec-
ondary antennas which support diversity features when
required e.g. when the main antenna finds 1tself 1n a multipath
cancellation null. The secondary antennas may be smaller and
lesser performing relative to the main antenna and still per-
form this function adequately. However, this approach has
several drawbacks. First, since the main antenna 1s dissimilar
to the secondary antenna, implementation of diversity or
MIMO schemes can be challenging. Second, the main
antenna must be sulliciently operable over a wide frequency
band, which requires sophisticated design and a potentially
large main antenna footprint. This can work against limita-
tions on cost and/or antenna package size.

As the data rate of wireless systems increases through
techniques such as advanced time-space coding and complex
modulation schemes, the need for more complex radio fre-
quency (RF) front-end and antenna systems becomes more
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2

critical, particularly 1n targeting the current multiplicity of
wireless systems and their frequency bands of operation.

Therefore there 1s a need for a multiple antenna system for
operation with a front end for a mobile wireless communica-
tion device that 1s not subject to one or more of the limitations
of the prior art.

This background information 1s provided to reveal infor-
mation believed by the applicant to be of possible relevance to
the present invention. No admission 1s necessarily intended,
nor should be construed, that any of the preceding informa-
tion constitutes prior art against the invention.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a multiple
antenna system for wireless communication. In accordance
with an aspect of the mvention, there 1s provided an antenna
system for operation 1n conjunction with a radio frequency
(RF) front end of a wireless communications device, said
antenna system comprising: one or more non-tunable anten-
nas configurable for transmission and reception in a first set of
one or more configurations, and configurable for transmis-
s10n 11 a second set of one or more configurations; and two or
more narrowband antennas configurable for Multiple Input
Multiple Output (MIMO)-diversity reception for the configu-
rations of said second set.

In another aspect of the ivention, there 1s provided an
antenna system and radio frequency (RF) front end of a wire-
less communications device, said antenna system compris-
Ing: one or more non-tunable antennas configurable for trans-
mission and reception 1 a first set of one or more
configurations, and configurable for transmission 1n a second
set of one or more configurations; and two or more narrow-
band antennas configurable for Multiple Input Multiple Out-
put (MIMO)-diversity reception for the configurations of said
second set; said radio frequency front end comprising: a set of
one or more switches selectably operable 1n a position
selected from a first set of positions and a second set of
positions, the first set of positions adapted to facilitate con-
figuration of the one or more non-tunable antennas 1n accor-
dance with the first set of one or more configurations, the
second set of positions adapted to facilitate configuration of
the one or more non-tunable antennas and the two or more
narrowband antennas 1n accordance with the second set of
one or more configurations.

In another aspect of the invention, there 1s provided a radio
frequency (RF) front end for operation 1n conjunction with an
antenna system ol a wireless communications device, said
antenna system comprising one or more non-tunable anten-
nas and two or more narrowband antennas, said radio fre-
quency front end comprising: a set of one or more switches
selectably operable 1n a position selected from a first set of
positions and a second set of positions, the first set of posi-
tions adapted to facilitate configuration of the one or more
non-tunable antennas for transmission and reception, the sec-
ond set of positions adapted to facilitate configuration of the
one or more non-tunable antennas for transmission, the sec-
ond set of positions further adapted to facilitate configuration
of the two or more narrowband antennas for Multiple Input
Multiple Output (MIMO)-diversity reception.

In another aspect of the invention, there i1s provided a
method for operating an antenna system and radio frequency
(RF) front end of a wireless communication device, the
antenna system comprising one or more non-tunable anten-
nas configurable for transmission and reception and two or
more narrowband antennas configurable for MIMO-diversity
reception, the method comprising the steps of: selecting a
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configuration of the antenna system and the RF front end from
a set ol potential configurations, said set of potential configu-
rations including a first set of one or more configurations
wherein at least one of the one or more non-tunable antennas
1s configured for transmission and reception, said set of
potential configurations including a second set of one or more
configurations wherein at least one of the one or more non-
tunable antennas 1s configured for transmission and at least
two of the two or more narrowband antennas are configured
tor MIMO-diversity reception; and configuring the antenna
system and the RF front end 1n accordance with the selected
configuration.

In another aspect of the invention, there 1s provided a
wireless communications device utilizing the antenna system
and/or RF front end of the invention.

In embodiments of the invention, the antenna system and/
or RF front end are operable to mitigate problems of conven-
tional MIMO terminal design, and satisly antenna perfor-
mance metrics for MIMO reception.

In embodiments of the invention, the antenna system and/
or RF front end supports communications 1n multiple fre-
quency bands and/or multiple communication standards of
operation, and said configurations ditfer in frequency band of

operation or communication standard of operation or both. In
embodiments of the invention, said narrowband antennas are
substantially matched, and have a desired correlation coelli-
cient there-between to allow for MIMO reception. In another
embodiment of the present invention, said narrowband anten-
nas each have a desired mean-effective gain or ratio of mean-
elfective gains. In embodiments of the invention, at least one
of said narrowband antennas 1s tunable. In embodiments of
the invention, said narrowband antennas support operation in
multiple frequency bands. In embodiments of the mvention,
said non-tunable antenna 1s a single wideband antenna
capable of transmission and reception in said first set of
configurations, and transmission in said second set of con-
figurations.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1llustrates schematically an antenna system for com-
munication 1 various configurations, 1 accordance with
embodiments of the invention.

FI1G. 2 illustrates schematically an antenna system config-
ured to provide two MIMO-diversity recerve paths for a set of
configurations, in accordance with embodiments of the
invention.

FI1G. 3 illustrates various exemplary frequency bands of
operation for wireless communications.

FI1G. 4 illustrates various exemplary frequency bands of
operation for wireless communications.

FIG. 5 shows an antenna system and RF front-end which at
least partially supports the frequency bands of operation 1llus-
trated 1n FIG. 4, according to embodiments of the invention.

FIG. 6 1llustrates an exemplary physical implementation of
antennas for an antenna system that at least partially supports
the frequency bands of operation illustrated 1n FI1G. 4, accord-
ing to embodiments of the invention.

FI1G. 7 shows the frequency response of the main antenna
and the MIMO-diversity antennas of the antenna system of
FIG. 6.

FI1G. 8 shows the far field radiation patterns of the MIMO-
diversity antennas of the antenna system of FIG. 6.

FI1G. 9 shows the incorporation of switching elements for
tuning the MIMO-diversity antennas of the antenna system of

FIG. 6.
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FIG. 10 shows the tuning performance achieved using the
configuration of the antenna system of FIG. 9, 1n accordance

with embodiments of the invention.

FIG. 11 shows an exemplary schematic of an antenna sys-
tem configured for an arbitrary number (m>2) of MIMO-
diversity receive paths, according to an embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “transceiver” 1s used to refer to a radio commu-
nication system that performs operations related to either or
both of radio transmission and reception by leveraging elec-
tromagnetic coupling between antennas. A transceiver typi-
cally includes one or more antennas, and electronics opera-
tively coupled to an antenna to ftranslate between
clectromagnetic radiation 1n the antenna and a local analog or
digital signal representative of data encoded into the electro-
magnetic radiation.

The term “modal diversity” 1s used herein to refer to an
antenna property wherein an antenna can be excited or con-
nected 1n different ways and/or at different locations, thereby
generating distinct and nominally independent modes. Modal
diversity can be used to generate distinct or different beam
patterns and/or polarizations, as would be readily understood
by a worker skilled 1n the art.

The term “frequency band” i1s used herein to refer to any
one or more frequencies of the electromagnetic spectrum that
are used for transmitting and receiving signals wirelessly 1n
any of the various parts of the world. The frequencies include
but are not limited to the frequencies used for cellular com-
munications, Bluetooth, Wi-Fi1, Wi1-Max, and Global Posi-
tioning System (GPS). For example, the term “frequency
band” can 1nclude frequencies such as 1.575 GHz, used for
GPS; and the range of 2.4000 to 2.4835 GHz, used by Blue-
tooth and Wi-F1 transcervers.

FIGS. 3 and 4 show some exemplary frequency bands used
in cellular communications for transmission and reception.
These frequency bands can be broadly grouped into those 1n
a lower range o1 700 MHz to 1 GHz and an upperrange of 1.7
GHz to 2.2 GHz or higher. A worker skilled in the art will
appreciate that not all the frequency bands are used 1n all
regions around the world. A worker skilled 1n the art will also
appreciate that the given low band and high band frequency
ranges are merely exemplary of the current deployment plans
of some carriers, and other carriers may use newly installed
bands outside the frequency ranges mentioned above.

Other frequency ranges may also be reserved 1n the future
for cellular communications. For example, the current 3GPP
(Third Generation Partnership Project) standard has specifi-
cations for 14 UMTS bands although infrastructure may not
be installed to support all of these bands. A worker skilled in
the art would appreciate that the invention 1s not limited to a
currently proposed or implemented standard specification,
and may be extended to scenarios with additional or different
bands. FIG. 4 1s not shown 1n a constant scale of frequency.

A frequency band may be ‘narrow-band’, i.e., the band
includes relatively fewer frequency components; or may be
‘wide-band’ 1.e., the band includes relatively more frequency
components. It should also be appreciated that a given fre-
quency band may be the result of a combination of two or
more other frequency bands. For example, the term “narrow-
band’ may also be used herein to refer to a frequency band
comprising the combination of a relatively few narrow-band
frequency sub-bands.
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The term “RF front end” 1s used herein to include the
clectronic circuitry (e.g. branching circuits, RF switches, RF
filters and/or duplexers that connect the signal processing
paths of the receiver and transmitter to the antenna system. In
embodiments, the RF front end includes the transmitter/re- 5
ceiver branching circuit used 1n conjunction with the antenna
system of the invention to offer a flexible communication
system.

As used herein, the term “about” refers to a +/—10% varia-
tion from the nominal value. It 1s to be understood that sucha 10
variation 1s always included 1n a given value provided herein,
whether or not 1t 1s specifically referred to.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill 1n the art to which this invention 15
belongs.

Embodiments of the invention provide an antenna system
for operation 1n conjunction with a radio frequency (RF) front
end for wireless communications. The antenna system com-
prises one or more first antennas configurable for transmis- 20
s1on and reception 1n a first set of configurations and config-
urable for transmission 1n a second set of configurations. The
antenna system further comprises a further two or more sec-
ond antennas which are configurable to provide MIMO-di-
versity reception 1n the second set of configurations. 25

Embodiments of the invention provide an antenna system
and an associated RF front end. The RF front end may be
configured to couple transceiver electronics to the antenna
system 1n a reconfigurable manner, for example via RF
switches or other switching means. The antenna system and 30
associated RF front end may be operable 1n at least one mode
which advantageously satisfies a predetermined set of perfor-
mance metrics related to MIMO or diversity reception. The
antenna system and associated RF front end may also be
operable 1n another mode which does not use MIMO or 35
diversity reception.

For example, in the case of an antenna system comprising,
one or more first antennas configurable for transmission and
reception and two or more second antennas configurable to
provide MIMO-diversity reception as described above, the 40
RF front end can comprise a set of one or more switches
selectably operable 1n a position selected from a first set of
positions and a second set of positions. As used herein, the
term “position” can refer to a collective position of a plurality
of switches, and a set of switch positions can correspondingly 45
refer to a set of collective positions. The first set of positions
1s adapted to facilitate configuration of the one or more non-
tunable antennas 1n accordance with the first set of one or
more configurations, as described above. The second set of
positions adapted to facilitate configuration of the one or 50
more non-tunable antennas and the two or more narrowband
antennas 1n accordance with the second set of one or more
configurations, as described above.

Embodiments of the invention provide an RF front end for
operation in conjunction with an antenna system. The antenna 55
system comprises one or more non-tunable antennas and two
or more narrowband antennas. The radio frequency front end
comprises a set of one or more switches, such as single-pole
multi-throw or multi-pole multi-throw RF switches, select-
ably operable 1n a position selected from a first set of positions 60
and a second set of positions. In the first set of switch posi-
tions, the one or more non-tunable antennas are configured
for transmission and reception. In the second set of switch
positions, the one or more non-tunable antennas are config-
ured for transmission and the two or more narrowband anten- 65
nas are configured for Multiple Input Multiple Output
(MIMO)-diversity reception.

6

Communication standards that may be supported by the
antenna system of the invention are not limited to any one of
the following: Global System for Mobile Communications

(GSM), Universal Mobile Telecommunication System
(UMTS)/Wideband Code Division Multiple Access

(WCDMA), Long Term Evolution (LTE), CDMA2000, Wi-
Fi1, Wi-Max, Global Positioning System (GPS), and Blue-
tooth.

Various configurations of the antenna system and/or RF
front end may differ from each other either in the communi-
cation standard of use, the frequencies of operation for trans-
mission and/or reception, or both. For example, the antenna
system and/or RF front end may support GSM 850 1n a first
configuration, GSM 900 1n a second configuration and UMTS
850 1n a third configuration. The first and second configura-
tions use the same communication standard, 1.e. GSM, but
differ 1n their frequency ranges for transmission and recep-
tion, as GSM 850 has a transmission band of 824 to 849 MHz,
and a receive band o1 869 to 894 MHz, while GSM 900 has a
transmission band of 880 to 915 MHz and a recerve band of
925 to 960 MHz. The first and third configurations, however,
use the same frequency ranges for transmission and reception
but differ 1n the communication standard of use.

For further illustration, a fourth configuration supports
GSM1800 with a transmission band of 1710 to 1785 MHz,
and a reception band of 1805 to 1880 MHz; and a fifth con-
figuration supports LTE1700 with a transmission band of
17710 to 1755 MHz and a reception band of 2110 to 2155
MHz. These configurations differ both in their reception
bands and communication standards, but share part of their
transmission bands.

FIG. 1 shows a functional schematic diagram of the
antenna system according to embodiments of the invention.
Both transmission and reception in the first set of configura-
tions 150 (which includes individual configurations 151,
152, . .. etc.) 1s achieved using the one or more first antennas
110. The bi-directional arrow 111 between the first set of
configurations 150 and the one or more first antennas 110
indicates that both transmission and reception of the first set
of configurations 150 1s supported by the one or more first
antennas 110. For ease of reference only, the one or more first
antennas 110 are referred to by the term ‘main antennas’
herein after. A worker skilled in the art would appreciate that
the term ‘main antenna’ does not indicate the relative signifi-
cance and/or size of the antenna or the configurations sup-
ported thereby. The main antennas 110 also handle transmis-
s1on for the second set of configurations 160 as indicated by
the unidirectional arrow 113. The reception 121 for the sec-
ond set of configurations 160 1s handled by the two or more
second antennas 120 configured for MIMO-diversity recep-
tion, and hereinafter referred to as ‘“MIMO-diversity anten-
nas’, for ease of reference only.

In some embodiments, the main antennas 110 are a plural-
ity of narrow-band antennas. In other embodiments, the main
antenna 110 1s a single wideband antenna.

In some embodiments, the main antennas 110 are non-
tunable. In some embodiments, the MIMO-diversity anten-
nas 120 are tunable. In further embodiments of the invention,
the MIMO-diversity antennas are tunable allowing for
change 1n the shape, bandwidth and/or center frequency of
their band of operation.

In some embodiments, some of a plurality of antennas are
operable 1n disjoint groups of configurations. For example,
when the main antennas 110 are a plurality of narrow-band
and/or non-tunable antennas, a first one of the main antennas
may be operable 1 a first group of configurations, and a
second one of the main antennas may be operable 1n a second
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group of configurations, where there 1s no configuration com-
mon to the first group and the second group. As a further
example, first and second non-tunable antennas may be pro-
vided which are operable 1n different frequency ranges or
with different protocols or other characteristics, which are not
typically used simultaneously. Therefore, 1n a first group of
configurations, the first non-tunable antenna may be used,
whereas 1n a second, disjoint, group of configurations, the
second non-tunable antenna may be used. Referring to FI1G. 1,
these first and second disjoint groups of configurations may
cach comprise configurations selected from the union of the
first set of configurations 150 and the second set of configu-
rations 160, for example.

The main antennas 110 may support diversity transmission
in some of the configurations of the first set of configurations
150 and the second set of configurations 160, by the simulta-
neous use of multiple antennas for transmission of the same
signal. In some embodiments, the main antennas 110 support
diversity transmission in the second set of configurations 160,
thus allowing for diversity on both the downlink (receive) and
uplink (transmit) directions for the second set of configura-
tions 160.

In some embodiments, transmit antennas are chosen from
a plurality of main antennas based on the frequency band of
interest. In embodiments, the main antennas comprise a low
band antenna and a high band antenna. For example, the low
band antenna may be operable with respect to a frequency
range lower than that of the high band antenna. The frequency
ranges of each antenna may be overlapping or non-overlap-
ping.

In embodiments of the invention, the antenna system com-
prises three antennas, an example of which i1s illustrated in
FIG. 2. A single main antenna 210 1s used for transmission
and reception 1n a first set of configurations 250, as shown by
the bi-directional arrow 211, and for transmission 213 only in
a second set of configurations 260, while a second antenna
and a third antenna are used as MIMO-diversity antennas 220
to provide MIMO-diversity reception 223 in the second set of
configurations 260. The schematic of FIG. 2 1s designed for
the scenarios where two receive paths are used for MIMO
diversity reception. The two recerve paths may be configured
with similar receive gains.

While LTE communications standards require at least two
receive paths for MIMO-diversity reception, additional ones
may be specified for higher data throughput. In one embodi-
ment, four receive paths are used for MIMO diversity recep-
tion. Higher numbers of receive paths may be used for MIMO
diversity reception in one or more of the configurations of the
second set of configurations. A worker skilled in the art would
appreciate that the configurations of the second set of con-
figurations may not all use the same number of recerve paths
tor MIMO-d1versity reception. For example, a first configu-
ration 1n the second set of configurations may use a MIMO-
diversity factor of two for signal reception, while a second
configuration 1n the second set of configurations may use a
MIMO-diversity factor of four for signal reception.

In some embodiments, the MIMO-diversity antennas are
configured to provide diversity reception. In some embodi-
ments, the MIMO-diversity antennas are configured to pro-
vide MIMO reception. A worker skilled 1n the art will under-
stand that the MIMO-diversity antennas may aid 1in beam-
forming, space-time coding, MISO, SIMO and/or serve as
smart antennas etc. For MIMO reception, the MIMO-diver-
sity antennas are preferably substantially matched and
orthogonal with low envelope correlation (1.e., coupling, 1s0-
lation) coellicients there-between. MIMO-diversity antennas
may further employ diversity techniques such as spatial
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antenna diversity, time diversity, frequency diversity, polar-
1zation diversity, pattern diversity, modal diversity, or the like
to provide plural radio communication paths with respect to
time, space, or both. Diversity may further provide for
improved communication quality or bandwidth, for example
by providing and advantageously using plural redundant
communication paths, as would be readily understood by a
worker skilled in the art.

In some embodiments of the invention and referring to
FIG. 1, the MIMO-diversity antennas 120 may be configured
to support diversity or MIMO reception in multiple frequency
bands, for example, in both 900 MHz and 2 GHz frequency
ranges. In embodiments, at least two of the MIMO-diversity
antennas 120 may operate 1n a frequency band which 1s dii-
ferent from the remainder of the MIMO-diversity antennas
120. A worker skilled in the art would appreciate that for
MIMO-diversity antennas 120 operational 1n different fre-
quency bands, ganged switches may be used that allow for
simultaneous connection of multiple paths. Ganged switch-
ing may be implemented mechanically, electromechanically,
or using solid state electronics, as would be readily under-
stood by a worker skilled 1n the art.

With further reference to FIG. 1, a worker skilled 1n the art
would appreciate that multiple receive paths (diversity,
MIMO or otherwise) can be bundled together in the branch-
ing circuit of the RF front-end and routed to a separate
antenna. In some embodiments, multiple transmit paths and/
or multiple non-diversity receive paths may be handled by a
main antenna dedicated thereto. This approach can allow for
the tailoring of the physical designs of the main antennas for
enhanced antenna performance and/or compactness. Thus,
embodiments of the invention can offer an effective solution
for support of diversity and MIMO reception.

Antenna Design

A worker skilled in the art would appreciate that the physi-
cal implementation of the antenna system would need to take
into account various design criteria, not limited to one or more
of the following: (1) Implementing effective antennas that are
small relative to the wavelengths of the signals transmitted
and/or recerved; (2) Making the antennas fit within a desired
form factor, for example compact housing with transcerver
clectronics, which due to the relative close proximity may be
a potential cause of interference; (3) Making the antennas
operate elfectively at a plurality of frequency bands (e.g. 1n
the range from 700 MHz to 2500 MHz, or other allocated
bands); (4) Implementing a plurality of receiver antennas that
have nominally equal reception capability that recerve de-
correlated signals at the same time, and that do not couple
closely with each other. In addition, various performance
metrics of the antennas may be desired, for example, 1imped-
ance bandwidth, efficiency and gain, may need to fall with a
desired range.

A worker skilled 1n the art will appreciate that the invention
1s not limited to a specific antenna design, but may 1ncorpo-
rate well-known antenna designs that have been utilized for
wireless terminals. Thus, the antennas (both main and
MIMO-diversity antennas) utilized 1n the antenna system of
the mvention may have a wide choice of physical implemen-
tations: e.g. Planar Inverted F antennas (PIFA), patch anten-
nas, meandered monopole antennas, loop antennas, helical
antennas, fractal antennas, slot antennas or micro-strip anten-
nas may be used in the antenna system.

In embodiments of the invention, various performance
metrics of the MIMO-diversity antennas (e.g. correlation
coellicient between MIMO antennas, mean-effective gain of
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MO antennas and the ratio of the mean-effec-
tive gains ol combined MIMO antennas) may fall within a
desired range.

Typically, tunability of antennas has been used 1n antenna
systems to enhance flexibility and/or reduce the total number
of antennas. Tunability 1 the frequency of operation of anten-
nas can be obtained by various means. For example, recon-
figurable antennas can be designed with switchable elements
to change the resonant frequency, or the type of antenna;
and/or with switchable or tunable impedance matching for
changing the resonant frequency or dynamically optimizing
the return loss of the antenna for different bands.

In some embodiments, tuning to a different frequency
range may be achieved by adding or removing components
clectrically. In embodiments, electrical tuning elements such
as PIN diodes may be used. In embodiments, RF semicon-
ductor switches or RF micro-electromechanical switches
(MEMS) may be used.

In some embodiments, tuning of the antenna may be
achieved by tuning its inductance, capacitance, electrical
s1ze, or a combination thereof. In embodiments, tuning of
inductance, capacitance or electrical size may be achieved
mechanically using sliding or rotating parts. In some embodi-
ments, these parameters may be tuned without the use of
moving parts. For example, PIN diodes can be used as
switches to electrically connect or disconnect extra parts to an
antenna, thus likely changing its size, inductance and capaci-
tance simultaneously. Various types of diodes or semiconduc-
tor technologies can also be used as electrically variable
capacitors for tuning antennas. In embodiments, a varactor (a
semiconductor diode that exhibits variable capacitance) can
be controlled by applying a varying voltage to 1ts electrodes.
Antennas can be tuned also by switching in or out induc-
tances.

A worker skilled 1n the art will appreciate that the elements
for tuming (e.g. RF switches, diodes etc. may be controlled by
clectrical, optical, electrostatic or magnetic or other appro-
priate means.

A worker skilled in the art would appreciate that tunabaility
may be easier to achueve 1n receive-only antennas such as the
MIMO-diversity antennas, as the higher power levels used for
transmission can cause switching devices to become non-
linear which may result 1n undesirable effects which may
include signal distortion and/or generation of signals outside
the allocated channels. Design of tuning or switching devices
for a transmit antenna must account for any constraints on
s1ze, cost or power supply parameters.

Various design methodologies can be used to obtain an
antenna system operational for a wide frequency band. The
wideband operation of an antenna may be achieved by using,
the various frequency modes of the antenna. In embodiments,
one or more of the antennas of the antenna system are con-
figured such that they are naturally resonant at a fundamental
frequency mode and a higher order resonant mode that 1s a
multiple of the lower frequency. The geometry of the antenna
can also be designed to allow operation on different frequen-
cies by connecting to the antenna at different locations
thereon. However, for the above approaches, the performance
on at least one of the desired frequencies of operation may be
compromised if the desired frequencies do not have the nec-
essary numerical relationships.

Another method for configuring an antenna to be a wide-
band antenna 1s to make use of fractal or self-similar geom-
etry. For example, a pattern containing small elements can
have good characteristics at a high frequency but due to a
repeating pattern of shapes of increasing size they can also
couple together to work at a succession of lower frequencies.
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Broad-band operation may also be achieved using other
designs. For example, log periodic antennas have dipoles of
different lengths arranged 1n a row and coupled to a common
feed point to achieve wideband operation. Broad band Yagi
antennas have a single dipole with a reflector and a range of
“director” elements with spacing between them or lengths
designed to increase the bandwidth over which the dipole will
work to a range of higher frequencies. Spiral, conical, fractal,
and other substantially self-similar antenna configurations
are also known to facilitate broad-band operation. A dipole
antenna may have a fan shape to increase 1ts bandwidth.

Yet another method for operating an antenna over a wide
bandwidth involves modal diversity. This approach involves
exciting a multi-resonant antenna structure in different ways
or with respect to different feedpoint locations to obtain dii-
ferent resonant antenna responses. For example a modal
diversity-enabled antenna may be operable 1n a first fre-
quency range when driven or monitored at a first feedpoint,
and may be operable in a second frequency range when driven
or monitored at a second feedpoint. In some cases, the first
teedpoint and second feedpoint may coincide, for example an
antenna may be operable 1n frequency bands with center
frequencies 1, 21 etc. Modal diversity may be implemented 1n
conjunction with appropriate filtering at the antenna, RF front
end, or transceiver.

Many of these techniques require a lot of space and only
radiate within specific narrow angles and or have specific
polarisation. A worker skilled in the art would readily appre-
ciate that some communication standards may only require
MIMO-diversity reception 1n a select few bands of narrow
bandwidth. For example LTE standards only require MIMO-
diversity reception 1n narrow bands. As narrow-band anten-
nas are typically smaller than wideband antennas, compact-
ness may be achieved utilizing the antenna system according
to embodiments of the mnvention.

The frequency bands and communications standards as
illustrated 1 FIG. 4 require support of MIMO-diversity
reception only for three higher frequency bands, 1.e., 1930 to
1990 MHz, 2110 to 2155 MHz and the overlapping band of
2110 to 2170 MHz and three lower frequency bands, 1.e. 728
to 746 MHz, 869 to 894 MHz and 925 to 960 MHz.

The MIMO-diversity antennas therefore may be designed
using multi-resonant narrow-band structures, or using recon-
figurable antennas to support multiple reception bands. In
embodiments, the MIMO-diversity antennas are multi-reso-
nant, narrow-band and electrically tunable. In some embodi-
ments, the MIMO-diversity antennas are resonant in dual
bands, and allow for tuning of both the low frequency band
and the high frequency band. In some embodiments, multi-
resonance may be associated with modal diversity.

Methods are known, to those skilled 1n the art, for making
antennas that are physically small relative to the wavelengths
of the signals they are required to receive and transmit. These
antennas are known as electrically small antennas, and have
been described 1n detail 1n various publications such as the
tollowing, which are herein incorporated by reference: (1)
“Fundamental Limitations of Small Antennas™, IEEE Vol. 69,
pages 1479-1484, December 1947, by H. A. Wheeler; (2)
“Physical Limitations of Omni- Dlrectlonal Antennas(@”, J.
Appl. Phys., Vol. 19, pages 1163-1175, December 1948, by L.
I. Chu; (3) “Effects of Antenna Size on Gain, Bandwidth, and
Efficiency(@”, J. Res. Nat. Bureau of Standards, Vol. 64-D,
pages 1-12, January/February 1960 by R. F. Harrmgton (4)
“Evaluation of Antenna Q@” IEEE TAP Vol. 12, pages
23-27, January 1964 by R. . Colhn and S. Rothchild; (5)
“Quality Factor of General Ideal Antennas(@”, IEEE TAP
Vol. 17, pages 151-155, March 1969 by R. L. Fante; and (6)
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“Fundamental Limitations in Antennas(@”, IEEE, Vol. 69,
pages 170-182, February 1981 by R. C. Hansen.

A worker skilled in the art will readily understand that the
close proximity of an antenna to other objects can impact 1ts
various parameters including but not limited to the frequency
ol best operation, the direction of radiation and the effective-
ness. The antenna design may be optimized for the desired
environment by taking into consideration the effects of
closely located materials and/or objects. Furthermore, the
frequency of operation can be adjusted and direction of opera-
tion can even be used as an advantage, for example, when
radiating away from the user, when configuring MIMO-di-
versity antennas to radiate in different directions, polariza-
tions and/or other manners to create dissimilar fading condi-
tions and/or not to couple radiation patterns to each other.
RF Front End: Design

The joint design of the antennas and the RF front end (the
feed circuitry, branching circuitry etc.) may be used to sub-
stantially reduce interference caused by electronics located
proximal to the antenna system. In embodiments, the antenna
system and branching circuitry may be integrated.

The mmpact of noise generated by electronic circuits in
close proximity to the antennas may be reduced by a variety
of techniques and associated apparatus. These techniques can
include but are not limited to: (a) choosing operating frequen-
cies for the electronic circuits that are outside the frequency
bands of the antenna; (b) shielding noisy circuits e.g. using,
metal enclosures to form a Faraday cage, or using filter cir-
cuits or appropriate signal processing on noisy inputs and
outputs; (c¢) cancellation of potentially interfering signals
using common and differential modes of operation, and/or the
like.

In one embodiment, noise generating signals that have to
be passed from one part of a system to another are driven
differentially on two parallel connections rather than as a
single signal connection relative to a common ground. By this
method the common ground may not have the interfering
signal superimposed upon it, and therefore can enable an
antenna sharing the ground to be better 1solated.

The RF front end may utilize a plurality of different types
of amplifiers at desired locations in the signal paths. For
example, low noise amplifiers (LNA) can be used 1n receive
paths to amplify the signal received at the antenna, as the
strength of the recerved signal 1s weak 1n comparison to the
strength of a transmitted signal and that a substantially maxi-
mal signal-to-noise ratio (SNR) can be obtained by ensuring
that minimal amounts of noise are added during amplifica-
tion. As another example, power amplifiers (PA) with higher
output saturation powers can be used 1n transmit paths, as
obtaining high signal strengths for transmission 1s of greater
significance.

Various types of band pass filters may be used in the design
of the RF front end including but not limited to Surface
Acoustic Wave (SAW) filters, Bulk Acoustic Wave (BAW)
filters, waveguide/cavity filters, ceramic filters, micro-strip
filters and micro-electro mechanical (MEM) filters. The band
pass filters are configured to substantially eliminate out-oi-
band noise and iterfering signals, which can improve the
overall performance of the antenna system. A worker skilled
in the art would readily appreciate that different filter tech-
nologies may differ 1n size, insertion loss, or other param-
eters.

A worker skilled 1n the art would appreciate that additional
components may be used 1n the design of the RF front end
including but not limited to switches, and matching compo-
nents (e.g. transformers, baluns). Switches may be RF
switches such as solid state switches, electromechanical
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switches, PIN diode switches, MEMS switches, or other
appropriate switches as would be readily understood by a
worker skilled 1n the art.

Switches connect the various parts selectively to antennas
and 1solate the unused parts. For example, the switch 502 1n
FIG. §, switches between transmitting and recerving circuits
that cannot be simultaneously connected to the antenna.

A worker skilled 1n the art would appreciate that RF trans-
formers may be implemented at various RF frequencies as
short parallel traces on a circuit board, and may ensure
enhanced energy transfer between components of differing
impedances. Transformers may be particularly effective over
specific ranges of frequencies. Baluns are transformers that
connect the balanced (e.g. twin wire) and unbalanced (signal
and ground) RF transmission lines.

In some embodiments, some switches may be replaced
using filters or more separate antennas. The switches provide
high 1solation especially of sensitive receiver amplifiers from
high transmitter amplifier outputs that would otherwise dam-
age them. Using separate antennas would not be a solution to
separating transmitters and receivers as the antennas would
couple at a high level.

The vention will now be described with reference to
specific examples. It will be understood that the following
examples are intended to describe embodiments of the inven-
tion and are not intended to limit the invention 1n any way.

EXAMPLES

Example 1

This example 1s directed to an antenna system and associ-
ated RF front end for a mobile wireless communications
terminal supporting, at least partially, the explicit frequency
bands and the communications standards shown in FIGS. 3
and 4, and outlined below. Generally, the acronyms below
specily a type of communication standard to be employed as
a three- or four-letter acronym, followed by a nominal center
frequency to be used. Associated transmit and receive fre-
quency bands currently 1n use are further listed after each
acronym. It 1s to be understood that the invention may be
similarly employed to operate using communication stan-
dards and frequency bands other than those listed below.

LTE700: 69&8-716 MHz Transmit 728-746 MHz Recerve
GSMRS50: 824-849 MHz Transmit 869-894 MHz Receive
UMTS850: 824-849 MHz Transmit 869-894 MHz Receive
GSMO9O00: 8&(0-915 MHz Transmit 925-960 MHz Receive
UMTS900: 8&0-915 MHz Transmit 925-960 MHz Recerve
L.TEQ0O: 8&0-915 MHz Transmit 925-960 MHz Receive
GSM1800: 1710-1785 MHz Transmit  1805-1880 MHz Receive
GSM1900: 1850-1910 MHz Transmit  1930-1990 MHz Receive
UMTS1900: 1850-1910 MHz Transmit  1930-1990 MHz Receive
UMTS2100: 1920-1980 MHz Transmit  2110-2170 MHz Receive
LTE2100: 1920-1980 MHz Transmit  2110-2170 MHz Receive
LTE1700: 1710-1755 MHz Transmit  2110-2155 MHz Receive

The frequency bands can be broadly grouped into those 1n
a lower range of 700 MHz to 1 GHz and an upper range of 1.7
GHz to 2.2 GHz. These frequency bands are not intended to
be restrictive on the disclosure and frequencies that may be
accommodated using the invention, but are merely being
identified as an example.

FIG. 5 shows an exemplary block diagram of an antenna
system and RF front end according to embodiments of the
invention designed to support quad-band GSM, quad-band
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UMTS and quad-band LTE, as shown 1n FIG. 4. The overlap-
ping UMTS and LTE bands results 1n five-band groups for
UMTS and LTE standards.

This example antenna system utilizes three antennas—one
main antenna 301 and two MIMO-diversity antennas 503,
505. The main antenna 501 1s used for both transmission and
reception 1 a first set of configurations, defined for this
example as the configurations that do not utilize MIMO-
diversity reception. For configurations of a second set of
configurations, defined for this example as the configurations
that utilize MIMO-d1versity reception, the main antenna 501
1s used for transmission only while two additional MIMO-
diversity antennas 503, 505 are used for MIMO-diversity
reception.

This first set of configurations comprises the following
GSM configurations: GSM 850, GSM 900, GSM 1800, and
GSM 1900; while the second set of configurations comprises
the following UMTS/LTE configurations: LTE 700, UMTS
850, LTE 1700, UMTS/LTE 900, UMTS 1900 and UMTS/
LTE 2100.

The two transmitters 310 are connected to two GSM power
amplifiers (PA) 512 that transmit by grouping the transmis-
s1on frequencies of the first set of GSM configurations into the

lower and the higher frequency bands. The lower band sup-
ports both GSM 850 and GSM 900, while the higher band
supports GSM 1800 and GSM 1900. A worker skilled 1n the
art would appreciate that the PAs 512 may also support
Enhanced Data Rates for GSM Evolution (EDGE) standards.

The four recervers 520 are GSM receivers that cover the
corresponding four GSM reception bands. Fach low noise

amplifier (LNA) 522 1s preceded by a RF band pass filter 524
(e.g. Surface Acoustic Wave (SAW) filter) that excludes fre-
quencies outside 1ts band. Both the GSM transmitters 510 and

the four GSM recervers 520 are connected to the main
antenna 301.

The five transmitters 530 are connected to five PAs 532 that
connect to the main antenna 501 and support the second set of
UMTS/LTE configurations. RF filters 534 may also be used
in the transmit paths. The five recervers 540 and the five
receivers 530 are connected to the MIMO-diversity antennas
503, 505 respectively, and cover the corresponding UMTS/
LTE reception bands.

With further reference to FIG. 5, the RF front end uses a
main single-pole multi-throw RF switch 502 to connect the
single main antenna 501 to all the transmait paths 510, 530 as
well as the non-MIMO-diversity (1.e., GSM) receive paths
520. Single-pole multi-throw RF switches 504, 506 and a
number of RF filters 544 (e.g. SAW filters) and LNAs 542
connect the MIMO-diversity receive paths 540, 550 to the
MIMO-diversity antennas 303, 503. In this manner the main
antenna 501 supports all transmit paths and the GSM receive
paths, while the MIMO-diversity antennas 503, 505 support
the MIMO-diversity receive paths 540, 350 for UMTS/LTE.
A worker skilled 1n the art would appreciate that the antenna
system of FIG. § does not require duplexer filters and diplex-
ers, which are commonly found 1n the designs for prior art
antenna systems.

A worker skilled 1n the art would readily understand that
the switches 504 and 506 may be ganged, to allow for simul-
taneous switching at a commonly shared command. The
switches 504, 506 may therefore be considered as a double
pole five throw (DP3T) switch.

The single main antenna 501 1s a wide-band antenna as 1t
needs to support all the transmission frequency bands and the
non-MIMO-diversity receive frequency bands, and therefore
occupies a relatively larger physical volume. However, the

MIMO-diversity antennas 303, 505 only need to be prefer-
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ably matched to each other, and not to the main antenna 501
to support MIMO reception. The MIMO-diversity antennas
503, 5035 also have narrower bandwidth when compared to the
main antenna 301. Therefore, MIMO-diversity reception can
be achieved using the configuration of FIG. 5 in compact
form-factors.

Example 2

For the frequency bands and communications standards of
FIG. 4, the number of frequency bands that require support of
MIMO-diversity reception include three higher frequency
bands, 1.e., 1930-1990 MHz, 2110-2155 MHz and 2110-2170
MHz and three lower frequency bands, 1.e., 728-746 MHz,
869-894 MHz and 925-960 MHz. As such, this example 1s
directed to an antenna system and RF front end that supports
MIMO-diversity reception at least partially 1n the bands of
FIG. 4, and 1s implemented using multi-resonant narrow-
band MIMO-diversity antennas that are reconfigurable.

In some embodiments, the MIMO-diversity antennas may
be simplified as a higher frequency band requiring MIMO
reception 1s virtually the same the world over, and two lower
frequency bands requiring MIMO reception are relatively
close together and only one of those 1s 1n use 1n any region of
the world. For example and with reference to FI1G. 3, MIMO-
diversity reception 1s required on three of the defined recerve
bands 303, with MIMO-diversity reception on the highest
band 306 required in all parts of the world, the lowest band
304 required only i North America, and band 305 not
required 1n North America. A worker skilled 1n the art would
appreciate that the antenna system and/or RF front end of the
invention can be readily extended to other bands, currently
being defined by various standard and regulatory organiza-
tions.

With reference to FIG. 6, this example 1s directed to a
specific physical implementation of the antenna system for a
wireless communications device 700. A worker skilled 1n the
art would readily understand that the main antenna and
MIMO-diversity antennas of the mvention are not limited to
the physical implementations of this example.

FIG. 6 illustrates a USB “stick” type wireless communica-
tions device 700 such as a wireless adapter (referred to as
‘USB device’ heremaftter), which utilizes a main antenna 710
for transmitting and receiving and two MIMO-diversity
receiver antennas 720, 730 for MIMO-diversity reception.
The MIMO-diversity recerver antennas 720, 730 are posi-
tioned on either side of the USB device 700 and the main
antenna 710 1s on the end. The main antenna 710 1s a mean-
dered monopole, implemented as a printed trace folded 1n a
zig-zag form. The MIMO-diversity antennas 720, 730 are
PIFAs, as are known 1n the art.

The example USB device as FIG. 6 can at least partially
support the frequencies and communications standards 1llus-
trated 1n FI1G. 4, 1.e., this USB device can support quad-band
GSM, quad-band UMTS and quad-band LTE. Each of the
MIMO-diversity antennas 720, 730 1s a dual band antenna
that supports an upper frequency band and a lower frequency
band. In embodiments, the lower frequency band 1s tunable to
achieve broad geographic or even worldwide coverage. If
operation 1n a limited geographic region 1s acceptable, the
lower frequency band of the MIMO-diversity antennas 720,
730 may be fixed. A worker skilled 1n the art would readily
understand that relatively good performance for two rela-
tively narrow bands of frequencies 1s more readily realisable
in a small space than one that covers a broad range of fre-
quencies. Thus, the antenna system of the invention can facili-

tate achieving the objective of MIMO reception together with
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broad frequency coverage, using electrically small antennas,
with reduced complexity and cost when compared to solu-
tions currently available.

With reference to FIG. 7A, this figure shows the frequency
response of the return loss of the exemplary main antenna 710
located at the end of the USB device 700. The main antenna

710 supports operation 1n the frequency ranges from 690
MHz to 990 MHz and from 1.8 GHz through to 2.2 GHz.

Furthermore, FIG. 7B shows the frequency response of the
return loss of either of the MIMO-diversity recetver antennas
720, 730, and shows the capability for reception on a high
frequency band and a low frequency band without frequency
tuning. This indicates a multi-resonant property of the anten-
nas 720, 730, for example. The lower traces illustrated 1n FIG.
7B indicate that the 1solation between the MIMO-diversity
recetrver antennas 720, 730, 1s about -10 dB.

In addition, FIG. 8 shows the three dimensional (3D) far
field radiation patterns of the MIMO-diversity antennas 720,
730 at the higher and lower frequency bands. The high-band
radiation patterns 727, 737 are shown on the left, while the
low-band radiation patterns 725, 735 are shown on the right.
The darker areas show the directions with stronger antenna
reception. A worker skilled in the art would appreciate that the
radiation patterns are substantially independent of each other.
Furthermore, the MIMO-diversity antennas 720, 730 exhibit
orthogonality both on low-band and high-band, with substan-
tially independent radiation patterns.

In one embodiment, the various parameters of the MIMO-
diversity antennas 720, 730 are as follows, and are sufficient
to ensure good MIMO performance for the design:

Efficiency 1in low band: More than 50% (e.g. 60%)

Efficiency 1n high band: More than 50% (e.g. 80%)

Envelope correlation coellicient in low band: Less than 0.3
(e.g. 0.2)

Envelope correlation coe
equal to 0.3 (e.g. 0.3)

Mean effective gain 1n low band: MEG1=MEG2=-4 dB;

Mean effective gain 1n high band: MEG1=MEG2=-3 dB;

In addition, tuning or switching components such as PIN
diodes can be used with the MIMO-diversity antennas 720,
730 to change the dimensions and thus, the resonant fre-
quency of the antennas. In embodiments, a small tuming ele-
ment 1s electronically connected and disconnected to the
antenna to tune to one or the other of the two lower frequency
bands depending on which 1s desired. In some embodiments,
the antennas can be tuned independently for the high and low
bands.

FI1G. 9 shows the physical arrangement of the tuning com-
ponents for one of the two MIMO-diversity receiver antennas
720, 730. Separate physical elements 722, 724 are connected
to the antenna for changing high band and low band reso-
nances. These physical elements are implemented using
switches such as PIN diodes that can be switched by applying
DC voltages to them. The application of DC voltages does not
allfect operation of the antennas at RF frequencies, and can be
done through filtering circuits that substantially avoid loss of
signal into the voltage supplies.

Furthermore, FIG. 10A shows a frequency plot of a
MIMO-diversity antenna 720, 730 with its low band fre-
quency response tuned to cover the corresponding low bands
tor MIMO-diversity and FIG. 10B shows a frequency plot of
a MIMO-diversity antenna 720, 730 with its hugh band fre-
quency response tuned to cover to cover the corresponding
high bands for MIMO-diversity.

Ticient 1n high band: Less than or

Example 3

FIG. 11 shows an exemplary design of a RF front-end and
an antenna system configured to provide MIMO-diversity
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reception with an arbitrary number (m>2) of MIMO-d1versity
receive paths, for a second set of configurations consisting of
an arbitrary number (n,) of configurations, according to
embodiments of the invention. The antenna system 1s also
configured to provide non-diversity reception for a first set of
confligurations comprising an arbitrary number (n,) of con-
figurations.

A main antenna 1110 supports transmission 1n all (n, +n,)
configurations of the first set and second set of configurations.
These transmit paths utilize (n,+n,) power amplifiers (PA)
1112, as shown 1n the bottom end of FIG. 11. The first set of
n, configurations do not require MIMO-diversity reception
and are also supported by the main antenna 1110. The second
set of n, configurations require MIMO-diversity reception,
provided by the m MIMO-diversity antennas 1120 with cor-
responding m receive paths. Low noise amplifiers (LNAs)
1114, 1124 are used 1n each of the (mxn,)+n, receive paths.
RF switches 1111, 1121 are used as approprate in the RF
front end.

It 1s obvious that the foregoing embodiments of the inven-
tion are examples and can be varied in many ways. Such
present or future variations are not to be regarded as a depar-
ture from the spirit and scope of the mvention, and all such
modifications as would be obvious to one skilled 1n the art are
intended to be included within the scope of the following
claims.

I claim:

1. An antenna system for operation in conjunction with a
radio frequency (RF) front end of a wireless communications
device, said antenna system comprising:

one or more non-tunable antennas configurable for trans-

mission and reception 1n a {irst set of one or more con-
figurations, and configurable for only transmission 1n a
second set of one or more configurations different from
the first set of one or more configurations, wherein con-
figurations 1n the first and second sets of one or more
configurations differ with respect to at least one of fre-
quency band of operation and communication standard
of operation; and

two or more narrowband antennas configurable for only

Multiple Input Multiple Output (MIMO)-diversity
reception for the configurations of said second set.

2. The antenna system of claim 1, wherein said communi-
cations standards of operation are selected from the group
consisting of Global System for Mobile Communications
(GSM), Universal Mobile Telecommunication System
(UMTS), Wideband Code Division Multiple Access
(WCDMA), Long Term Evolution (LTE), CDMA2000, WI-
Fi1, Wi-Max, Global Positioning System (GPS), and Blue-
Tooth.

3. The antenna system of claim, wherein said narrowband
antennas are substantially matched, and wherein said narrow-
band antennas have a desired correlation coellicient there-
between to allow tor MIMO reception.

4. The antenna system of claim 3, wherein the correlation
coellicient between at least two of said narrowband antennas
1s less than 0.3.

5. The antenna system of claim 1, wherein at least one of
said narrowband antennas 1s a tunable antenna.

6. The antenna system of claim 5, wherein at least one of
said narrowband antennas 1s an electrically tunable antenna.

7. The antenna system of claim 3, wherein at least one of
said narrowband antennas supports operation in multiple fre-
quency bands, and 1s configured for tuning of the center
frequency, bandwidth, and/or shape of at least one of said
multiple frequency bands.
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8. The antenna system of claim 7, wherein at least one of
said tunable antennas 1s operable 1n a lower frequency band
around 900 MHz and an upper frequency band around 2 GHz.

9. The antenna system of claim 8, wherein said upper
frequency band supports reception of signals for UMTS1900,
UMTS2100 or LTE1700, and said lower frequency band 1s
tunable for reception of signals for LTE700 or signals of
UMTS900, UMTS850 or LTE900.

10. The antenna system of claim 7, wherein the center
frequency, bandwidth, or both center frequency and band-
width of one or more of said multiple frequency bands 1s
independently tunable using PIN diodes.

11. The antenna system of claim 1, wherein said narrow-
band antennas are non-tunable.

12. The antenna system of claim 11, wherein said narrow-
band antennas support operation in multiple frequency bands.

13. The antenna system of claim 1, wherein the configura-
tions of said first set of configurations 1s selected from the
group consisting of GSMS850, GSM900, GSM1800 and
GSM1900.

14. The antenna system of claim 1, wherein the configura-

tions of said second set of configurations 1s selected from the
group consisting of LTE700, UMTS850, UMTS 900/LTE

900, UMTS1900, and UMTS 2100/LTE 1700.

15. The antenna system of claim 1, wherein said one or
more non-tunable antennas comprises a single wideband
antenna capable of transmission and reception 1n said first set
of configurations, and transmission in said second set of
configurations.

16. The antenna system of claim 1, wherein said one or
more non-tunable antennas comprises a {irst antenna and a
second antenna operable 1n disjoint groups of configurations.

17. The antenna system of claim 1, wherein said one or
more non-tunable antennas support MIMO-diversity trans-
mission 1n at least one configuration of said first and second
sets of configurations.

18. A wireless communications device utilizing the
antenna system of claim 1.

19. The wireless communications device of claim 18,
wherein the wireless communications device 1s a personal

digital assistant (PDA), a cellular phone, a smart phone, a
laptop, or a wireless adapter.

20. An antenna system and radio frequency (RF) front end
of a wireless communications device, said antenna system
comprising;

one or more non-tunable antennas configurable for trans-
mission and reception 1n a first set of one or more con-
figurations, and configurable for only transmission in a
second set of one or more configurations different from
the first set of one or more configurations, wherein con-
figurations 1n the first and second sets of one or more
configurations differ with respect to at least one of fre-
quency hand of operation and communication standard
of operation; and

two or more narrowband antennas configurable for only
Multiple Input Multiple Output (MIMO)-diversity
reception for the configurations of said second set;

said radio frequency front end comprising:

a set of one or more switches selectably operable 1n a
position selected from a first set of positions and a sec-
ond set of positions, the first set of positions adapted to
facilitate configuration of the one or more non-tunable
antennas 1n accordance with the first set of one or more
configurations, the second set of positions adapted to
facilitate configuration of the one or more non-tunable
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antennas and the two or more narrowband antennas 1n
accordance with the second set of one or more configu-
rations.

21. The antenna system and RF front end according to
claim 20, wherein at least one of said narrowband antennas 1s
a tunable antenna.

22. The antenna system and RF front end according to
claim 20, wherein said one or more non-tunable antennas
comprises at least one wideband antenna.

23. The antenna system and RF front end according to
claim 20, wherein said one or more non-tunable antennas
comprises a first antenna and a second antenna operable 1n
disjoint groups of configurations.

24. A radio frequency (RF) front end for operation 1n con-
junction with an antenna system of a wireless communica-
tions device, said antenna system comprising one or more
non-tunable antennas and two or more narrowband antennas,
said radio frequency front end comprising:

a set ol one or more switches selectably operable 1n a
position selected from a first set of positions and a sec-
ond set of positions, the first set of positions adapted to
facilitate configuration of the one or more non-tunable
antennas for transmission and reception, the second set
of positions adapted to facilitate configuration of the one
or more non-tunable antennas for only transmission, the
second set of positions further adapted to facilitate con-
figuration of the two or more narrowband antennas for
only Multiple Input Multiple Output (MIMO)-diversity
reception, wherein configurations provided by the first
and second sets of positions ditfer with respect to at least
one of frequency band of operation and communication
standard of operation.

25. The radio frequency front end according to claim 24,
wherein the set of one or more switches includes a single-pole
multi-throw RF switch or a multi-pole multi-throw RF
switch.

26. The radio frequency front end according to claim 25,
wherein the set of one or more switches includes one or more
switches selected from the group consisting of: solid state
switches, electromechanical switches, PIN diode switches,

and MEMS switches.

277. The radio frequency front end according to claim 24,
wherein the set of one or more switches 1s configured to
selectively establish one or more transmit paths and one or
more receive paths 1 accordance with one of the first set of
one or more configurations or the second set of one or more
configurations.

28. The radio frequency front end according to claim 27,
wherein at least one of the one or more transmit paths com-
prises a power amplifier.

29. The radio frequency front end according to claim 27,
wherein at least one of the one or more receive paths com-
prises a low noise amplifier.

30. The radio frequency front end according to claim 27,
wherein at least one of the one or more transmit paths and the
one or more receive paths comprises an RF filter.

31. The radio frequency front end according to claim 27,
wherein at least one of the one or more transmit paths and the
one or more receive paths includes an RF transformer.

32. A wireless communication device utilizing the RF front
end of claim 24.

33. A method for operating an antenna system and radio
frequency (RF) front end of a wireless communication
device, the antenna system comprising one or more non-
tunable antennas configurable for transmission and reception
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and two or more narrowband antennas configurable for

N

of;

MO-diversity reception, the method comprising the steps

a) selecting a configuration of the antenna system and the
RF front end from a set of potential configurations, said 5
set of potential configurations including a first set of one
or more configurations wherein at least one of the one or

more non-tunable antennas 1s configured for transmis-
ston and reception, said set of potential configurations
including a second set of one or more configurations 10
wherein at least one of the one or more non-tunable
antennas 1s configured for only transmission and at least
two of the two or more narrowband antennas are config-
ured for only MIMO-diversity reception, wherein con-
figurations provided by the first and second sets ofoneor 15
more configurations differ with respect to at least one of
frequency band of operation and communication stan-
dard of operation; and

b) configuring the antenna system and the RF front end 1n
accordance with the selected configuration. 20

G e x Gx s
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